Plant-sourced antimicrobials are known for their therapeutic potency against multi-drug-resistant pathogens. The members of Scutellaria L. have been used to cure several diseases in East Asia, Europe, and North America. The genus Scutellaria belonging to Lamiaceae family is composed of around 360 species worldwide and 18 species in Turkey. In this study, 36 extracts prepared with different solvents from aerial parts and roots of S. salviifolia Benth., S. diffusa Benth. and S. pontica C. Koch were investigated for their antimicrobial activity against four bacteria (Escherichia coli ATCC 25922, Enterococcus faecalis ATCC 29212, Pseudomonas aeruginosa ATCC 27853, Staphylococcus aureus ATCC 29213) and three yeasts (Candida albicans ATCC 90028, C. krusei ATCC 6258, C. parapsilosis ATCC 90018) by using the broth microdilution method. Gentamicin, vancomycin and fluconazole were used as positive control. According to our results, all of the tested extracts showed stronger antimicrobial activity against yeasts than bacteria. The chloroform extract of S. salviifolia root showed the highest antifungal effect against C. krusei with 32 μg/ml MIC value compared with all the tested extracts and the positive control fluconazole (64 μg/ml MIC value).
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S. salviifolia, S. diffusa Benth. and S. pontica C. Koch belong to the Section Salviifoliae (Boiss.) Edmondson. Among them, S. salviifolia is an endemic species of Turkish flora [12] . Although biological activities of many Scutellaria species have been reported, there are only a few reports concerning phytochemical properties and biological activities of these species. In previous studies, phenolic compounds and diterpenoids were isolated from the species S. pontica [13, 14] . The essential oil compositions of S. diffusa and S. salviifolia were also investigated [15] . Saracoğlu et al. [16] revealed the cytotoxic and cytostatic activities of phenylethanoid glycosides which were isolated from the species S. salviifolia. Şenol et al. [17] screened the acetylcholinesterase, butyrylcholinesterase, and tyrosinase inhibitory activities of the methanol extracts prepared from the aerial parts of the 33 Scutellaria taxa including S. diffusa and S. salviifolia. The antioxidant activity of the methanol and ethyl acetate extracts of these taxa by using DPPH and FRAP assays was also determined in the same study [17] . Antibacterial effects of methanol extracts prepared from the leaves, stems and flowers of S. salviifolia were also investigated [18] .
The aim of this study was to assess antibacterial and antifungal effects of methanol, n-hexane, chloroform, ethyl acetate, n-butanol and water extracts of aerial parts and roots of S. salviifolia, S. diffusa and S. pontica by using broth microdilution method identified as minimum inhibitory concentration (MIC) values [19, 20] .
RESULTS AND DISCUSSION
Antimicrobial activity of 36 extracts of the aerial parts and roots of S. salviifolia, S. diffusa and S. pontica has been evaluated in vitro against two Gram-positive bacteria Staphylococcus aureus ATCC 29213, Enterococcus faecalis ATCC 29212, two Gram-negative bacteria Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853 and three yeasts Candida albicans ATCC 90028, C. krusei ATCC 6258, C. parapsilosis ATCC 90018 that are known to cause infections in humans. The percentage yields of extracts are given in Table 1 . Table 2 shows the antibacterial activity results of the tested extracts while Table 3 presents the obtained results of the antifungal activity. In general, crude methanol extracts prepared from roots and aerial parts of plants exhibited low or no antimicrobial activity with ≥1024 μg/ml MIC values in the tested range of concentrations while, the tested extracts prepared from the crude methanol extracts by using a partition with different solvents of increasing polarity such as n-hexane, chloroform and ethyl acetate exhibited higher activity. All tested n-butanol extracts from roots and aerial parts and aqueous extracts from roots of plants showed low or no activity similar to the methanol extracts. But aqueous extracts from aerial parts of plants exhibited antimicrobial activity against some bacteria and yeasts with the range of 512-64 μg/ml MIC values ( Table 2 -3).
The antibacterial activity results revealed that chloroform extract of S. salviifolia root showed against E. faecalis, E. coli and P. aeruginosa while S. pontica root showed against E. coli and P. aeruginosa the highest activity both with 128 μg/ml MIC value. Besides chloroform extract of S. salviifolia root, n-hexane and chloroform extracts of S. pontica herb exhibited the highest activity against S. aureus with 256 μg/ml MIC value. n-Hexane extract of roots of S. salviifolia, n-hexane and ethyl acetate extracts of aerial parts of S. salviifolia, ethyl acetate extracts of roots and aerial parts of S. diffusa and chloroform extracts of roots and aerial parts of S. pontica showed growth inhibitory effect against E. faecalis with 256 μg/ml MIC value. n-Hexane extract of roots of S. salviifolia and chloroform extract of aerial parts of S. pontica possessed antibacterial activity against P. aeruginosa with 256 μg/ml MIC value. However, the effectivenesses of all tested extracts were lower compared with vancomycin (0.125 and 0.5 μg/ml MIC values) and gentamicin (1 and 16 μg/ml MIC values) as the positive controls (Table 2) . According to our results, all of the tested extracts showed stronger antimicrobial activity against yeasts than bacteria. Especially, the n-hexane, chloroform and ethyl acetate extracts of roots and aerial parts exhibited antifungal activity with a range of 256-32 μg/ml MIC value. The chloroform extract of S. salviifolia root showed the highest antifungal activity against C. krusei with 32 μg/ml MIC value compared with all the tested extracts and the positive control fluconazole (64 μg/ml MIC value). Chloroform extract of the aerial parts of S. pontica also exhibited high antifungal activity against C. krusei as well as fluconazole with 64 μg/ml MIC value. The chloroform and ethyl acetate extracts from roots of S. salviifolia, n-hexane extracts from aerial parts of S. salviifolia and the aqueous extract from aerial parts of S. pontica showed antifungal activity against at least one of C. albicans and C. parapsilosis yeasts with 64 μg/ml MIC value. Nevertheless, all tested extracts exhibited lower antifungal activity against C. albicans and C. parapsilosis compared with fluconazole (1 and 0.5 μg/ml MIC values, respectively) as the positive control (Table 3) . There are a few studies about the antimicrobial activity of Scutellaria species, especially on S. baicalensis Georgi which is used commonly in traditional Chinese medicine. Improvement of antimicrobial effectiveness of penicillin G, ceftriaxone, ciprofloxacin and gentamicin against S. aureus resistance when concurrently used with ethanol extract of S. baicalensis have been reported by Yang et al. [21] . Another study assessed the antimicrobial activity of 70% ethanol extracts of Artemisia apiacea Hance and S. baicalensis by broth microdilution, modified-disc diffusion and agar dilution methods. The results of the study indicated that A. apiacea and S. baicalensis were effective against Aspergillus niger, C. albicans, Bacillus subtilis and S. aureus with a range of 0.03125 to 4 mg/ml MIC values. Interestingly, 3:5 ratio mixture of A. apiacea and S. baicalensis were found to be more effective than A. apiacea or S. baicalensis used individually [22] . Extraction method can change the chemical composition, so the biological activity of plants. The chemical composition associated with its biological activity of the extract varies with the extraction process and solvent composition. There is a study investigated the antibacterial activity and total phenolic constituents of 46 extracts of dietary spices and medicinal herbs including S. baicalensis by using agar-well diffusion method counter to five foodborne bacteria (B. cereus, S. aureus, E. coli, Listeria monocytogenes and Salmonella anatum). The results indicated a close association between the antimicrobial activity and phenolic components of the tested extracts [23] . The influence of the method of extraction on both phytochemical constitution and antimicrobial activity of S. baicalensis root have been evaluated by Lu et al. [24] . The results of the study indicated that different ethanol concentrations (60, 80 and 100%) used for extraction of S. baicalensis had an effect on the major flavonoid and phenolic acid contents in the extracts. 80% ethanol extract contained the highest amounts of seven determined bioactive components (baicalein, baicalin, chrysin, wogonoside, wogonin, chlorogenic acid and ferulic acid) showed the lowest MIC values against six foodborne pathogens [24] .
On the other hand, there is only one study reported antimicrobial activity of the examined species previously. In that study, the antibacterial activity of methanol extract obtained from aerial parts of S. salviifolia along with some species from Lamiaceae family was investigated against S. aureus, E. coli, Klebsiella pneumoniae, P. aeruginosa and S. enteritidis by using microdilution method in concentrations between 6.25 mg/ml-50 mg/ml. According to the results of that study, among the tested extracts, S. salviifolia was found to possess the highest antibacterial activity with 12.5 mg/ml MIC value against S. aureus, S. enteritidis and E. coli and with 25 mg/ml MIC value against K. pneumoniae and P. aeruginosa [18] . In our study, we have found that S. salviifolia exhibited antibacterial activity against S. aureus, E. faecalis, E. coli and, P. aeruginosa with a 1024 μg/ml MIC value.
CONCLUSION
Antibacterial and antifungal activities of three Scutellaria species growing in Turkey were evaluated by this study for the first time. The results of the study showed that the species had more promising results in terms of antifungal activity than antibacterial activity. The chloroform extract of the roots of S. salviifolia was found to possess the highest antifungal activity among the tested extracts. Previous studies on this species have reported the isolation of flavonoids, iridoid glucosides, phenylethanoid glycosides, diterpenoids, triterpenoids, alkaloids and essential oils. The results of this study showed the importance and therapeutic potential of the species. But further detailed studies may be helpful to explore the compound(s) responsible for the activity.
MATERIALS AND METHODS

Chemicals
Dimethyl sulfoxide (DMSO), Fluconazole, Vancomycin, Gentamicin and all solvents using for extraction including Methanol, n-Hexane, Chloroform, Ethyl acetate and n-Butanol were purchased from Sigma Aldrich (St. Louis, MO, USA). All control antibiotics were prepared with sterile distilled water on the day of study. Tryptic Soy Broth (Oxoid, CM0129), Mueller Hinton Broth (Merck 110293), RPMI 1640 Medium (Gibco Laboratories 11875101) were freshly prepared with distilled water and sterilized. 
Plant Materials
Extraction
The air-dried and powdered aerial parts (5 g) and roots (2 g) of plants were extracted with 150 ml methanol (MeOH) in water-bath at 50°C for two times. The obtained extracts were filtered, concentrated to dryness using a rotary evaporator and lyophilized in vacuo. The residues were stored at room temperature until use. The methanolic extracts of aerial parts (600 mg) and roots (200 mg) were separately dissolved in 100 ml distilled water and partitioned by successive solvent extraction with n-hexane (3x 100 ml), chloroform (CHCl3) (3x 100 ml), ethyl acetate (EtOAc) (3x 100 ml) and n-butanol (n-BuOH) (3x 100 ml) respectively. All extracts, as well as remaining aqueous phase (H2O), were concentrated to dryness.
Antimicrobial screening
Test organisms
Antimicrobial activity of the plant extracts was determined against four bacteria (Escherichia coli ATCC 25922, Enterococcus faecalis ATCC 29212, Pseudomonas aeruginosa ATCC 27853, Staphylococcus aureus ATCC 29213) and three yeasts (Candida albicans ATCC 90028, C. krusei ATCC 6258, C. parapsilosis ATCC 90018). All ATCC strains were obtained from the American Type Culture Collection (Rockville, Maryland, USA).
Antimicrobial activity test
Antimicrobial activity of the plant extracts was identified as minimum inhibitory concentration (MIC) values which were determined by broth microdilution method reported by the Clinical and Laboratory Standards Institute (CLSI) [19, 20] . The test was performed in sterile 96-well microplates. The plant extracts were dissolved in dimethyl sulphoxide (DMSO) in order to make 1024 µg/ml stock concentration and transferred into each microplate well in order to obtain two-fold serial dilutions ranging from 1 to 1024 µg/ml. The overnight cultures of each bacterium were suspended in Tryptic Soy Broth. After 4 hours of incubation at 35°C, the inocula were prepared by adjusting the turbidity of the suspension to match the 0.5 McFarland standard. The inoculum (50 μl) containing 106 CFU of each bacterium was added to each well containing 50 μl Mueller Hinton Broth. Overnight cultures of yeasts on Sabouraud Dextrose Agar (SDA) were inoculated on MHB. Standard suspensions of each yeast were added to each well containing 50 μl RPMI medium. A number of wells were reserved in each plate for sterility control (no inocula added), inocula viability (no compounds added) and solvent effect (DMSO). Gentamicin, vancomycin and fluconazole were used as positive controls. Plates were aerobically incubated at 35°C. After incubation for 16-20 h, microbial growth was evaluated by observing the presence of turbidity. MIC was defined as the lowest concentration of the plant extracts that had restricted microbial growth.
